a Details of two patients with chronic hepatitis C infection who developed features of Parkinsonism when treated with IFN-a2b and ribavirin are reported. The symptoms resolved when treatment was discontinued in one patient but not in the other. Physicians should be alert to the possibility that drug-related Parkinsonism may complicate treatment of hepatitis C infection with antiviral agents; the agent most likely responsible is IFN-a2b. Prompt withdrawal of treatment is mandatory but does not always guarantee reversal of the Parkinsonian features.
Parkinsonism in patients with chronic hepatitis C treated with interferon-a2b: a report of two cases 
Introduction
Hepatitis C virus (HCV) infection has reached pandemic proportions and is considered to be 'one of the most serious and significant public health risks of our generation' [1] . It is estimated that 170 million individuals are infected worldwide although the reported numbers most likely underestimate the prevalence rates [2] . An estimated 1% of the Scottish [3] and 0.5% of the English population [4] are infected with this virus. However, two-thirds of the 37 500 individuals in Scotland and the 2 000 000 individuals in England likely to be infected with HCV remain undiagnosed [3, 4] .
Pegylated interferon (IFN)-a, in combination with ribavirin, is the treatment of choice for HCV infection; a sustained viral clearance is achieved in 50-60% of treated individuals [5] [6] [7] . Treatment is considered to be cost-effective [8] and its use widely endorsed [8, 9] . However, treatment is associated with a number of sideeffects, predominantly fatigue, influenza-like symptoms, haematological and neuropsychiatric abnormalities, which result in premature withdrawal of therapy in 10-14% of individuals [10] .
The neuropsychiatric side-effects, which have been attributed to the use of IFN-a, include depression, lethargy, irritability, cognitive impairment and, less frequently, mania, peripheral neuropathy, severe depression and suicide [10] [11] [12] . Movement disorders have been described but only rarely [13, 14] ; thus, Parkinsonian features have been reported in a patient with HCV infection treated with intramuscular IFN-a monotherapy [15] and, more recently, in a patient with HCV infection treated with pegylated IFN-a2a and ribavirin [16] . In both these patients the Parkinsonian features persisted after the withdrawal of the antiviral therapy raising the possibility that the IFN-a may simply have unmasked latent Parkinson's disease.
Evidence for a more direct drug-related effect is provided in the current report of two patients with HCV infection who developed Parkinsonism during treatment with IFN-a2b and ribavirin, in one of whom the symptoms resolved completely after withdrawal of the antiviral therapy.
Case reports Patient 1 In September 1997, a 52-year-old man with a history of functional dyspepsia was referred for management of his alcohol misuse and longstanding HCV infection, genotype 1, acquired most likely when he shared a prison cell with an infected inmate. He was clinically well with no features of hepatic decompensation but his liver biopsy showed cirrhosis with mildly active inflammatory change.
In May 2001, when he had been abstinent from alcohol for almost 2 years, he was started on standard IFN-a2b, 3 MU thrice weekly together with oral ribavirin 1 g daily. His HCV RNA became undetectable during treatment but the response was not sustained.
In March 2003, a second course of treatment was initiated with 120 mg of pegylated IFN-a2b subcutaneously once weekly and oral ribavirin 1 g daily. During the first few weeks of treatment he developed flu-like symptoms and nausea for which he took prochlorperazine intermittently, a medication he had used previously, with effect, to control his dyspepsia. By week 8 his mood was low and he had developed some difficulty in walking and in hand manoeuvres ( Fig. 1 ).
At the end of May 2003, after 9 weeks of treatment, he had obvious extrapyramidal signs including bilateral low frequency resting tremor, inexpressive facies and a small stepped gait. There were no clinical, psychometric or electroencephalographic (EEG) features suggestive of hepatic encephalopathy. Cerebral magnetic resonance imaging showed no intracranial abnormalities; his serum manganese concentration was normal. No haematological or biochemical abnormalities, other than those associated with his liver disease, were found. All treatment was discontinued and, over a period of approximately 3 weeks, the Parkinsonian features resolved completely. He remained HCV RNA positive; he subsequently developed hepatocellular carcinoma and died of liver failure in September 2008.
Patient 2
In July 1995, a 57-year-old man was referred for investigation of raised serum aminotransferases. He complained of lethargy and tiredness but was otherwise well. He had a history of systemic hypertension treated with b-blockers; he had only ever consumed modest amounts of alcohol. He was found to have HCV infection, genotype 1, although no definite route of infection was identified. He had no features of hepatic decompensation but his liver biopsy showed cirrhosis with mildly active hepatitis, in keeping with chronic HCV infection. In August 1995, he started treatment with standard IFN-a2b, 3 MU subcutaneously thrice weekly, and oral ribavirin 1 g daily.
During the first 4 months of treatment, he became significantly more fatigued and lethargic and shortly thereafter developed poor sleep, impaired concentration, a shuffling gait and an asymmetrical resting tremor (Fig. 2 ). There were no clinical, psychometric or EEG features suggestive of hepatic encephalopathy. Cerebral magnetic resonance imaging was unremarkable; his serum manganese concentration was normal. No haematological or biochemical abnormalities, other than those associated with his liver disease, were found. Antiviral therapy was stopped in January 1996 but although his depression and poor concentration resolved rapidly, the extrapyramidal symptoms persisted. Approximately 10 months later he was started on anti-Parkinsonian medication with a good initial response but his symptoms then worsened progressively (Fig. 2) . Over the next 10 years he remained HCV RNA negative with wellcompensated cirrhosis. However, his Parkinsonism became incapacitating and he eventually died of its complications in February 2006. [17] . It is caused by disruption of dopaminergic neurotransmission as a result of inhibition of striatal dopamine synthesis or release [18] , interference with presynaptic vesicular dopamine storage [19] or postsynaptic dopamine receptor blockade [20] . It is not associated with the nigrostriatal degeneration seen on cerebral single photon emission tomography and positron emission tomography imaging in Parkinson's disease [17, 21] .
The features of drug-induced Parkinsonism resolve in 60-70% of individuals within 2 months of drug withdrawal but recovery may take as long as 15 to 18 months [22] or, exceptionally, considerably longer [23, 24] . However, it is not always reversible; persistence or even worsening of the Parkinsonian features may occur after drug withdrawal [23] [24] [25] [26] . In these instances, the possibility that the drug may have unmasked latent Parkinson's disease has to be considered but would be difficult to prove [17] , although the presence of nigrostriatal dysfunction on 18 F-DOPA positron emission tomography would be supportive [26] . Rarely, patients may recover from drug-induced Parkinsonism only to develop Parkinson's disease at a later date [27] .
The first patient described in this report developed Parkinsonism during treatment with pegylated IFN-a2b and ribavirin having previously been treated, albeit unsuccessfully, with standard IFN-a2b and ribavirin, without significant side-effects. Pegylation of IFN-a results in a 10-fold increase in the serum half-life of the drug [28] and clearly more sustained drug exposure may have been an important aetiological factor. He was also taking prochlorperazine, which has dopamine receptor inhibitory properties and is associated with extrapyramidal side-effects [17] . However, he had used prochlorperazine during treatment with standard IFN and intermittently for prolonged periods both before and after this episode, without complications. Clearly, an interaction between IFN-a and prochlorperazine resulting in enhanced dopaminergic antagonism cannot be ruled out.
The second patient described developed Parkinsonism during treatment with standard IFN-a2b and ribavirin but his extrapyramidal symptoms persisted after drug withdrawal suggesting, perhaps, an unmasking or subsequent development of Parkinson's disease.
Both patients had cirrhosis and the possibility that their Parkinsonian symptoms might have reflected the development of hepatic encephalopathy was considered, but neither patient showed any of the classical clinical, psychometric or EEG features of this syndrome nor did their clinical course mirror descriptions in the literature of 'motor' hepatic encephalopathy [29] , hepatocerebral degeneration [30] or hepatic myelopathy [31] .
The mechanism responsible for the development of extrapyramidal symptoms in relation to treatment with IFN-a2b is unclear. Intraperitoneal IFN-a administration has been shown to inhibit dopaminergic neural activity and to decrease cerebral dopamine levels in rodents [32] . Thus, IFN-a may affect neurotransmitter balance directly, although traditionally it has not been thought to cross the blood-brain barrier [33] . The degeneration of dopaminergic neurons in Parkinson's disease is associated with an activated glial reaction combined with an inflammatory cascade involving cytokines such as IFN-g, TNF-a and IL-1b [34] [35] [36] . IFN-a is an immunomodulatory cytokine and it could trigger a similar inflammatory process.
The diagnosis of drug-related Parkinsonism is often missed [37] . Physicians should be alert to the possibility that drug-related Parkinsonism may complicate the use of IFN-a2b for the treatment of HCV infection. Early recognition of the features is essential; treatment should be stopped immediately but even then reversal of the Parkinsonian features cannot be guaranteed [16, 17] .
